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What is claimed is: 

1. A crystalline form of the free base of 2- [ (2-aminoethoxy) ] -methyl-4- (2- 
chlorophenyl ) - 3 - ethoxycarbonyl - 5 -methoxyca rbonyl - 6 -methyl -1,4- dihydropyr idine 
( amlodipine ) . 

2. A method of treating ischaemic heart disease or hypertension in a human 
patient comprising administration of an effective amount of crystalline 
amlodipine free base. 

3. A pharmaceutical composition comprising crystalline amlodipine free base 
and one or more pharmaceutically acceptable diluents or carriers and, 
optionally, one or more other physiologically active agents. 

4. A process for the preparation of crystalline amlodipine free base 
comprising the steps of: (i) isolating amlodipine free base; and (ii) 
crystallising the material obtained in (i) using a suitable solvent or mixture 
of solvents. 

5. A process according to claim 4 wherein said step (i) comprises: (a) 
contacting a salt form of amlodipine with an aqueous base; (b) partitioning an 
organic layer and an aqueous layer by contact with an organic solvent; and (c) 
separating and recovering said organic layer. 

6. A process according to claim 5 wherein said salt form of amlodipine is 
amlodipine besylate; said aqueous base is aqueous sodium hydroxide; and said 
organic solvent is dichloromethane . 

7. A process according to claim 4 wherein said step (ii) comprises steps of: 
(a) contacting said amlodipine free base in at least one crystallizing 
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solvent; and (b) recovering crystallized amlodipine free base. 

8. A process according to claim 7 wherein said crystallizing solvent is 
isopropyl alcohol or toluene. 

9. A pharmaceutical salt or solvate comprising a pharmaceutically acceptable 
acid addition salt of the crystalline form of the free base of claim 1. 

10. A pharmaceutical salt or solvate according to claim 9 wherein the 
pharmaceutical acceptable acid addition salt is besylate salt. 
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ABSTRACT : 

The present invention relates to amlodipine free base in a crystalline form, to 
pharmaceutical formulations comprising such material, processes of manufacture and 
its use in therapy. 
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ART-UNIT: 1614 

PRIMARY-EXAMINER: Jarvis; William R. A. 
ATT Y - AGENT - F I RM : Pennie & Edmonds LLP 

ABSTRACT: 

Methods and compositions are disclosed utilizing the optically pure (-) isomer of 
amlodipine. This compound is a potent drug for the treatment of hypertension while 
avoiding the concomitant liability of adverse effects associated with the racemic 
mixture of amlodipine. The (-) isomer of amlodipine is also useful for the 
treatment of angina and such other conditions as may be related to the activity of 
(-) amlodipine as a calcium channel antagonist such as cerebral ischemia, cerebral 
disorders, arrhythmias, cardiac hypertrophy, coronary vasospasm, myocardial 
infarction, renal impairment and acute renal failure, without the concomitant 
liability of adverse effects associated with the racemic mixture of amlodipine. 

8 Claims, 0 Drawing figures 
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TITLE: Optically pure (-) amlodipine compositions 



Brief Summary Text (53) : 

The racemic acid 1 is converted to its cinchonidine salts in methanol solution. 
Upon dilution with water and standing at room temperature, a crystalline 
precipitate is formed which can be subsequently recrystallized to content rotation 
to give the diastereomerically pure cinchonidine salt 2. Further, the mother 
liquids from the original capitalization can be reduced in volume and stirred at 
room temperature, e.g. overnight, to afford a fine precipitate which can also be 
recrystallized to give the diastereomerically pure cinchonidine salt 2. The 
cinchonidine salt 2 is partitioned between ethyl acetate and dilute hydrochloric 
acid to liberate the acid 3. The acid 3 is then esterified using carbonyldimidazole 
(CDI) in near-quantitative yield by forming an imidazolide and decomposing the 
imidazolide with ethanolic sodium ethoxide to give 4. The azido group in 4 can then 
be cleanly reduced to amino by catalytic hydrogenation, giving optically pure 
amlodipine, which is most conveniently isolated as the salt of an acid, e.g. as the 
maleate 5 . 

Brief Summary Text (56) : 

Any suitable route of administration may be employed for providing the patient with 
an effective dosage of (-) amlodipine. For example, oral, rectal, parenteral, 
transdermal, subcutaneous, intramuscular, and the like may be employed. Dosage 
forms include tablets, troches, dispersions, suspensions, solutions, capsules, 
patches, and the like. 

Brief Summary Text (62) : 

In practical use, (-) amlodipine can be combined as the active ingredient in 
intimate admixture with a pharmaceutical carrier according to conventional 
pharmaceutical compounding techniques . The carrier may take a wide variety of forms 
depending on the form of the preparation desired for administration, e.g., oral or 
parenteral (including intravenous injections or infusions) . In preparing the 
compositions for oral dosage form any of the usual pharmaceutical media may be 
employed. Usual pharmaceutical media include, for example, water, glycols, oils, 
alcohols, flavoring agents, preservatives, coloring agents, and the like in the 
case of oral liquid preparations (such as for example, suspensions, solutions, and 
elixirs); aerosols; or carriers such as starches, sugars, microcrystalline 
cellulose, diluents, granulating agents, lubricants, binders, disintegrating agents 
and the like, in the case of oral solid preparations (such as for example, powders, 
capsules, and tablets ) with the oral solid preparations being preferred over the 
oral liquid preparations. The most preferred oral solid preparation is tablets . 

Brief Summary Text (63) : 

Because of their ease of administration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are 
employed. If desired, tablets may be coated by standard aqueous or nonaqueous 
techniques . 

Brief Summary Text (65) : 
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Pharmaceutical compositions of the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets, or 
tablets, or aerosols sprays, each containing a predetermined amount of the active 
ingredient, as a powder or granules, or as a solution or a suspension in an aqueous 
liquid, a non-aqueous liquid, an oil-in-water emulsion, or a water-in-oil liquid 
emulsion. Such compositions may be prepared by any of the methods of pharmacy, but 
all methods include the step of bringing into association the active ingredient 
with the carrier which constitutes one or more necessary ingredients. In general, 
the compositions are prepared by uniformly and intimately admixing the active 
ingredient with liquid carriers or finely divided solid carriers or both, and then, 
if necessary, shaping the product into the desired presentation. 

Brief Summary Text (66) : 

For example, a tablet may be prepared by compression or molding, optionally, with 
one or more accessory ingredients. Compressed tablets may be prepared by 
compressing in a suitable machine the active ingredient in a free-flowing form such 
as powder or granules, optionally mixed with a binder, lubricant, inert diluent, 
and/or surface active or dispersing agent. Molded tablets may be made by molding in 
a suitable machine a mixture of the powdered compound moistened with an inert 
liquid diluent. Desirably, each tablet contains from about 0.01 mg to about 50 mg 
of the active ingredient, and each cachet or capsule contains from about 0.5 mg to 
about 50 mg of the active ingredient, (-) amlodipine. Most preferably, the tablet, 
cachet or capsule contains either one of three dosages, 0.5 mg, 2.5 mg and 5.0 mg 
(as scored tablets, the preferable dose form) of the active ingredient. 

Detailed Description Text (29) : 

The active ingredient, (-) Amlodipine, is sieved through a suitable sieve and 
blended with lactose, starch, and pregelatinized maize starch. Suitable volumes of 
purified water are added and the powders are granulated. After drying, the granules 
are screened and blended with the magnesium stearate. The granules are then 
compressed into tablets using 7 mm diameter of punches. 

Detailed Description Text (30) : 

Tablets of other strangths may be prepared by altering the ratio of active 
ingredient to lactose or the compression weight and using punches to suit. 

Detailed Description Paragraph Table (2) : 

ORAL FORMULATION Tablets : Quantity per capsule in Gm. Formula ABC Active 
ingredient, 0.5 2.5 5.0 (-) amlodipine lactose BP 183.0 181.0 178.5 starch BP 15.0 
15.0 15.0 Pregelatinized Maize Starch 1.5 1.5 1.5 BP magnesium stearate Compression 
Weight 200.0 200.0 200.0 

Detailed Description Paragraph Table (3) : 

ORAL FORMULATION Tablets Quantity per Tablet in Gm. Formula ABC Active 
ingredient, 0.5 2.5 5.0 (-) amlodipine lactose BP 183.0 181.0 178.5 starch BP 15.0 
15.0 15.0 Pregelatinized Maize Starch 1.5 1.5 1.5 BP magnesium stearate Compression 
Weight 200.0 200.0 200.0 
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TITLE: Methods of pharmacological treatment using S(-) amlodipine 



Brief Summary Text (2) : 

Pharmacological therapy utilizing pure formulations of S( -) amlodipine results in 
effective theraputic results while avoiding toxicities and adverse effects of 
racemic amlodipine . The methods and compositions described include the enriched 
deuterated forms of amlodipine as well as the nonenriched form. Amlodipine and 
deuteroamlodipine have a chiral center at C4 in the dihydropyridine ring, and thus 
can exist as optical isomers. The isomers may be separated by various methods, for 
example selective crystallization and column chromatography. See for example T. 
Shibanuma, et al . , Chem. Pharm. Bull., 28, 2809-2812 (1980). Alternatively, S (-) 
amlodipine may be prepared using optically active reactants, or by a combination of 
separation and chiral synthesis. Optical isomers of compounds are specified (+) or 
(-) , indicating the direction the chiral center rotates a plane of polarized light. 



Brief Summary Text (72) : 

Optically pure S( -) amlodipine can be prepared in a number of ways. Among these 
methods, the resolution of a racemic mixture of amlodipine or its precursors and 
the asymmetric synthesis of amlodipine or precursors thereof are particularly 
useful. Resolution of a racemic mixture by fractional crystallization of 
diastereomeric derivatives or salts is perhaps the most straightforward method for 
obtaining optically pure S(-) amlodipine . 

Brief Summary Text (73) : 

Optically active resolving agents are employed in the resolution of these racemic 
mixtures of the amlodipine enantiomers which are obtained following synthetic 
procedures known in the art (See, for example, U.S. Pat. No. 3.799,934.). The 
resolution of racemates by fractional crystallization of diastereomeric salts 
formed with such resolving agents is perhaps the most commonly used conventional 
technique for producing optically pure compounds. See, for example, 
"Stereochemistry of Carbon Compounds," E. L. Eliel (McGraw-Hill, NY, 1986) and "S. 
H. Wilen, p. 268, in "Tables of Resolving Agents and Optical Resolutions," E. L. 
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind. , 1972. 

Brief Summary Text (74) : 

Amlodipine is a basic compound and therefore diastereomeric salts suitable for 
separation by fractional crystallization are readily formed by the addition of 
chiral acid resolving agents in optically pure form to racemic amlodipine . Suitable 
resolving agents for use here include optically pure tartaric acid and its 
derivatives, camphorsulfonic acid, mandelic acid and derivatives thereof, and other 
optically active acids. The desired S(-) amlodipine isomer may be recovered either 
from the crystallized diastereomer or from the mother liquor, depending on the 
solubility properties of the particular acid resolving agent employed and depending 
on the particular acid enantiomer used. The identity of the S ( - ) amlodipine isomer 
so obtained may be confirmed by polarimetry and other analytical methods. 

Brief Summary Text (75) : 

A particular preferred means of obtaining S( -) amlodipine is based on the 
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fractional crystallization of diastereomeric mixtures formed by basic resolving 
agents and racemic carboxylic-acid-containing precursors of amlodipine . See, for 
example, T. Shibanuma et al . , Chem. Pharm. Bull. 28(9): 2809-2812 (1980) (who 
resolved the structurally related dihydropyridine nicardipine) and M. Eltze et al., 
Chirality 2: 233-240 (1990) and references cited therein. In particular, S (-) 
amlodipine is obtained by means of resolution of the corresponding racemic 4-aryl- 
1-ethoxymethyl-l, 4-dihydro-5-methoxycarbonyl-2, 6-dimethylpyridine-3 -carboxylic 
acids by means of crystallization of the diastereomeric salts formed upon addition 
of basic resolving agents to the racemic precursor- followed by subsequent 
alkylation and esterif ication as described in International Patent Applications WO 
88/07524 and WO 88/07525, Byk Gulden, 1988. Optically pure cinchonine and 
cinchonidine salts are basic resolving agents that have proven useful in the 
resolution of the dihydropyridine s including amlodipine . 

Brief Summary Text (76) : 

The chemical synthesis of the racemic mixture of amlodipine can be performed by the 
method described in U.S. Pat. No. 4,572,909 and 5,438,145 as well as by other means 
known to those skilled in the art. The racemic acid ester is converted to its 
cinchonidine salt in methanol solution. Upon dilution with water and standing at 
room temperature, a crystalline precipitate is formed which can be subsequently 
recrystallized to constant rotation to give the diastereomerically pure 
cinchonidine salt. Further, the mother liquids from the original crystallization 
can be reduced in volume and stirred at room temperature, e.g., overnight, to 
afford a fine precipitate which can also be recrystallized to give the 
diastereomerically pure cinchonidine salt. The cinchonidine salt is partitioned 
between ethyl acetate and dilute hydrochloric acid to liberate the enantiomerically 
pure acid. The acid is then esterified using carbonyldi imidazole (CDI) and 
ethanolic sodium ethoxide, yielding S (-) amlodipine . 

Brief Summary Text (79) : 

Any suitable route of administration may be employed for providing the patient with 
an effective dosage of (-) amlodipine. For example, oral, rectal, parenteral, 
ocular, subcutaneous, intravenous, intramuscular, transdermal, and the like may be 
employed. Dosage forms include tablets, troches, dispersions, suspensions, 
solutions, capsules, patches, and the like. 

Brief Summary Text (81) : 

Useful pharmaceutical carriers for the preparation of the pharmaceutical 
compositions hereof can be solids or liquids. Thus, the compositions can take the 
form of tablets, pills, capsules, powders, sustained release formulations 
solutions, suspensions, elixirs, aerosols, and the like. Carriers can be selected 
from the various oils, including those of petroleum, animal, vegetable or synthetic 
origin, for example, peanut oil, soybean oil, mineral oil, sesame oil, and the 
like. Water, saline, aqueous dextrose, and glycols are preferred liquid carriers, 
particularly for injectable solutions. Suitable pharmaceutical excipients include 
starch, cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, flour, 
chalk, silica gel, magnesium stearate, sodium stearate, glycerol monostearate, 
sodium chloride, dried skim milk, glycerol, propylene glycol, water, ethanol, and 
the like. Other suitable pharmaceutical carriers and their formulations are 
described in "Remington's Pharmaceutical Sciences" by E. W. Martin. 

Brief Summary Text (82) : 

In the practice of the above described method of the present invention a 
therapeutically effective amount of the S(-) amlodipine or a pharmaceutical 
composition containing same is administered via any of the usual and acceptable 
methods known in the art, either singly or in combination with other pharmaceutical 
agents. These compounds or compositions can thus be administered orally, 
systemically (e.g., transdermal ly, intranasally or by suppository) or parenterally 
(e.g., intramuscularly, subcutaneous ly and intravenously), and can be administered 
either in the form of solid or liquid dosages including tablets, solutions, 
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suspensions, aerosols, and the like, as discussed in more detail above. It is 
preferred to administer S(-) amlodipine orally. 
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TITLE: Methods for treating hypertension, and angina using optically pure (-) 
amlodipine 

DATE-ISSUED: May 2, 2000 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Young; James W. Palo Alto CA 

US -CL- CURRENT: 514/356 
CLAIMS : 

What is claimed is: 

1. A method of eliciting an antihypertensive effect in a human, which 
comprises administering to a human in need thereof a therapeutically effective 
amount of (-) amlodipine, or a pharmaceutical^ acceptable salt thereof, 
substantially free of its (+) stereoisomer, said amount being sufficient to 
alleviate hypertension. 

2. The method of claim 1 wherein (-) amlodipine is administered by intravenous 
infusion, by transdermal delivery, or orally as a tablet or a capsule. 

3. The method of claim 2 wherein the amount administered is from about 0.01 mg 
to about 100.0 mg daily. 

4. The method of claim 3 wherein the amount administered is from about 0.5 mg 
to about 20 mg. 

5. The method of claim 4 wherein the amount administered is from about 0.5 mg 
to about 10.0 mg. 

6. The method of claim 1 wherein the amount of (-) amlodipine or a 
pharmaceutical^ acceptable salt thereof is greater than approximately 90% by 
weight of the total amount of amlodipine. 

7. The method of claim 1 wherein the amount of (-) amlodipine or a 
pharmaceutical^ acceptable salt thereof, substantially free of its {+) 
stereoisomer, is administered together with a pharmaceutically acceptable 
carrier. 

8. The method according to claims 2, 3, 4, 5, or 6, wherein (-) amlodipine is 
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administered as its besylate salt. 

9. A method of treating angina in a human, which comprises administering to a 
human in need thereof a therapeutically effective amount of (-) amlodipine, or 
a pharmaceutical^ acceptable salt thereof, substantially free of its (+) 
stereoisomer, said amount being sufficient to alleviate angina. 

10. The method of claim 9 wherein (-) amlodipine is administered by 
intravenous infusion, by transdermal delivery, or orally as a tablet or a 
capsule . 

11. The method of claim 10 wherein the amount administered is from about 0.01 
mg to about 100.0 mg. 

12. The method of claim 11 wherein the amount administered is from about 0.5 
mg to about 20.0 mg . 

13. The method of claim 12 wherein the amount administered is from about 0.5 
mg to about 10.0 mg. 

14. The method of claim 9 wherein the amount of (-) amlodipine or a 
pharmaceutical^ acceptable salt thereof is greater than approximately 90% by 
weight of the total amount of amlodipine. 

15. The method of claim 9 wherein the amount of (-) amlodipine or a 
pharmaceutical^ acceptable salt thereof, substantially free of its (+) 
stereoisomer, is administered together with a pharmaceutical^ acceptable 
carrier. 

16. The method according to claims 10, 11, 12, 13 or 14 wherein (-) amlodipine 
besylate is administered. 
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ART-UNIT: 164 

PRIMARY- EXAMINER : Jarvis; William R. A. 
ATTY- AGENT -FIRM : Pennie & Edmonds LLP 

ABSTRACT : 

Methods are disclosed utilizing the optically pure (-) isomer of amlodipine. This 
compound is a potent drug for the treatment of hypertension while avoiding the 
concomitant liability of adverse effects associated with the racemic mixture of 
amlodipine. The (-) isomer of amlodipine is also useful for the treatment of angina 
without the concomitant liability of adverse effects associated with the racemic 
mixture of amlodipine. 

16 Claims, 0 Drawing figures 
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What is claimed is: 

1. A crystalline form of the free base of 2- [ (2-aminoethoxy) ] -methyl-4- (2- 
chlorophenyl) -3-ethoxycarbonyl-5-methoxyca rbonyl -6 -methyl- 1, 4-dihydropyridine 
(amlodipine) . 

2. A method of treating ischaemic heart disease or hypertension in a human 
patient comprising administration of an effective amount of crystalline 
amlodipine free base . 

3 . A pharmaceutical composition comprising crystalline amlodipine free base 
and one or more pharmaceutical^ acceptable diluents or carriers and, 
optionally, one or more other physiologically active agents. 

4 . A process for the preparation of crystalline amlodipine free base 
comprising the steps of: (i) isolating amlodipine free base ; and (ii) 
crystallising the material obtained in (i) using a suitable solvent or mixture 
of solvents . 

5. A process according to claim 4 wherein said step (i) comprises: (a) 
contacting a salt form of amlodipine with an aqueous base; (b) partitioning an 
organic layer and an aqueous layer by contact with an organic solvent; and (c) 
separating and recovering said organic layer. 

6. A process according to claim 5 wherein said salt form of amlodipine is 
amlodipine besylate; said aqueous base is aqueous sodium hydroxide; and said 
organic solvent is dichloromethane . 

7. A process according to claim 4 wherein said step (ii) comprises steps of: 
(a) contacting said amlodipine free base in at least one crystallizing 
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solvent; and (b) recovering crystallized amlodipine free base . 

8. A process according to claim 7 wherein said crystallizing solvent is 
isopropyl alcohol or toluene. 

9. A pharmaceutical salt or solvate comprising a pharmaceutical ly acceptable 
acid addition salt of the crystalline form of the free base of claim 1. 

10. A pharmaceutical salt or solvate according to claim 9 wherein the 
pharmaceutical acceptable acid addition salt is besylate salt. 
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